Fan -Zhao: Land use changes and its driving factors: a case study in Nanping City, China - Abstract. Changes in land use affect the living environment of humans, considering even the survival and development of human beings. Study on the driving mechanism of land use plays a vital role in the accurate prediction of the changing trends of land use, and sustainable development of land. In this study, the Landsat images in Nanping City from 1995, 2010 and 2015 were obtained and processed using ENVI 5.2 and Arcgis 10.1. Object-oriented classification was used as the land use classification in this study.
Introduction
Land is an indispensable resource for humans because of food supplies. Land use changes are the process that human beings constantly change land surface for surviving and developing (Aklile and Beyene, 2014; Bestelmeyer et al., 2016; Maimaitijiang et al., 2015) . Human behavior changes the coverings of land surface and affects the natural ecosystems on the earth's surface, such as the cycles of energy, water, biochemistry, and atmospheric circulation (Allan et al., 1997; Liu et al., 2010) . Therefore, Land Use and Land Cover Change (LUCC) proposed by the International Geosphere-Bisphere Program (IGBP) and the International Human Dimensions Program (IHDP) in the 1990s has become the frontier of global environmental change research (Turner, 1997) . Land use changes are one of the three important issues of LUCC research (Alexander et al., 2015) . It has a profound impact on the global sustainable development (García-Ruiz et al., 1996; Lovell, 2010; Young et al., 2005) . Therefore, the studies of land use changes and its impact on the surrounding environment have become an extremely important research field in sustainable development (Renetzeder et al., 2008) .
Studies of the driving mechanism of land use changes are also the core of land use changes research. The shortage of land resources and the deterioration of ecological environment caused by irrational land use are increasingly serious with the continuous development of industrialization and urbanization, and the increase of population, and the continuous expansion of human activities (Meyfroidt et significance in accurately predicting the trends of land use changes, the rational planning of regional land, and the protection of ecological environment (Liu et al., 2016; Zhang et al., 2015) . Driving factors of land use changes can be divided into natural and socio-economic factors (Maimaitijiang et al., 2015) . The impact of the natural factors, such as topographic gradient, elevation, climate, etc., on land use was not obvious during a short period of time. However, the impact of socio-economic factors covering population, economic status, policies, on land use was significant during a period of the 20 years (Girma et al., 2014) . Therefore, we focused on the socioeconomic driver of the land use in this study. The Economic Zone on the West Side of the Taiwan Straits is a regional economic complex. Its purpose is to cooperate with Taiwan in economy and is to drive the growth of economy in China. Nanping, the study area, is located in the central region of the Economic Zone. Consequently, studies of the driving factors in Nanping provided an important basis for the sustainable development, ecological protection, and the formulation of relevant policies and regulations in the Economic Zone.
Materials and methods

Study area
Nanping, the study area, is located in the southeast coast of China and the west side of the Taiwan Straits (Fig. 1) . The climate belongs to the subtropical humid monsoon with an average annual temperature of 17-19 °C, an average winter temperature of 6-9 °C, an average summer temperature of 28-29 °C, and an average annual rainfall of 1684-1780 mm. It has a history of more than 4000 years, a population of 3.19 million, and an area of 26,300 km 2 . The area of the bamboo forest accounts for one-tenth of that of China. These remote sensing images had undergone the correction of ground control point geometry and DEM terrain before downloaded. Therefore, the processing of remote sensing data in this study was to do color synthesis, mosaic, clip and object-oriented classification using ENVI 5.2. Types of the land use were divided into six categories: forestland, grassland, cultivated land, construction land, water and unused land. Band 5, 4, and 3 (RGB) was used for object-oriented classification. 250 samples for each type of land use were selected to achieve better classification results. The field investigation and interactive verification using Google Earth were carried out. After field verification, the classification accuracy of the remote sensing images from the three periods was 88.30%, 90.70%, and 92.10%, respectively, which can meet the requirements of this study.
Transition matrix of land use
Transfer matrix is used commonly to study the characteristics, directions and structures of land use changes. It not only can express the structural characteristics of land use, but also indicate the source and composition of each type of land use during study period. In addition, transition matrix can also generate a transition probability matrix that can be sorted by percentage. The major and secondary land use types that causing the changes of land use can be found by the sequence and the reason of the changes can be analyzed.
The mathematical equation of transfer matrix is as follows:
where P represents the area; and i and j expresses the land use type at the early and late stages of study period respectively; and n indicates the number of land use types.
The transfer probability matrix in this study was calculated using post-classification images of the land use and Change Detection Statistics tool of Spatial Analysis Module from ENVI classic 5.1 according to Equation 1.
Principal component analysis
Principal component analysis is to recombine variables that have a certain correlation with each other into those with non-correlation. It extracts some new variables from original variables, and represents the information of the original variables as many as possible with minimum amount of the variables.
The mathematical model of principal component analysis is as follows:
where
indicates the eigenvector corresponding to X covariance matrix; and
donates the value after normalized original variable.
Principal component analysis was used to examine the impact of socio-economic driving factors on the land use changes according to Equation 2. However, the selection rules of socio-economic factors needed to be determined at first. The rules and the operation steps are as follows:
1. Review the statistical yearbook of Nanping to ensure that the factors are easy to be quantified and have a significant relationship with the land use changes. 2. Review the two statistical yearbooks of 1995 and 2015 to make sure the data of the chosen factors are complete. 3. The units of the chosen factors are different. Hence, these data need to be processed in a non-dimensional manner for subsequent calculation using SPSS. 4. Confirm the data are suitable for principal component analysis. If appropriate, correlation coefficient among the data is calculated, and Bartlett and KMO are tested. Finally, principal components are extracted using SPSS. 5. Comprehensive score of the driving factors of land use changes is obtained by multiplying the obtained eigenvectors and normalized data.
Results
Areal changes of the land use
The area of various land use types was achieved using ArcGIS 10.1 during the 20 years ( Table 1) . As shown in Table 1 , the land use types were dominated by forestland, cultivated land and grassland, accounting for over 89% of the total area in Nanping City. The forestland increased rapidly with a total increase of 2075.90 km 2 .
The construction land had a significant rise with an increase of 329.99 km 2 . In contrast, the cultivated land declined with a reduction of 1198.70 km 2 . The water, unused land, and grassland also decreased with a reduction of 32.65 km 2 Transfer matrix of the land use
As shown in Table 2 that the value of outflow of the forestland was the lowest with a value of 16.64%. In contrast, unused land had a highest value (99.5%) in outflow. The order of the outflow of these land use types was unused land (99.5%) > cultivated land (91.86%) > water (84.14%) > construction land (77.64%) > grassland (76.91%) > forestland (16.64%). The main transition directions of all the land use types were forestland, which caused the continuous increase in forestland over the 20 years. In addition, grassland was also one of the transition directions of the unused land. The construction land and grassland were the main outflow types of cultivated land. 
Driving factors of the land use
Comprehensive driving factors of the society and economy
From Table 3 , 12 factors were selected in this study. Owing to the greater number of these factors, they were reduced dimensionally in order that most information was expressed with the least number of the factors. The correlation coefficient matrixes were obtained using these dimensionless factors ( Table 4 ). As shown in Table 4 , the correlation coefficients were all higher except GDP and natural population growth rate, which indicated the greater repetitiveness of information expressed by these factors. Accordingly, principal component analysis, and Bartlett and KMO tests were implemented. The value (Sig.) of Bartlett's concomitant probability was 0.000, less than the significance level (0.05), and the KMO value was 0.865, which showed these factors were linearly correlated and principal component analysis were adopted compatibly.
As shown in As shown in Table 6 , the loads values of the factors exceed 0.9 except for the total population and the natural population growth rate. From A principal component expression was obtained using the principal component load matrix and the result of the eigenvectors multiplying with the normalized data. The comprehensive score of the factors of the land use changes was calculated using Equation 3 . As can be seen from Figure 2 , the impact of the factors on the land use changes showed a sharp increase over time. Specifically, the comprehensive score of the factors had increased slowly before 2008, which indicated that economic factors, spending power and technical factors had little effect on the land use changes. However, the score of driving factors had demonstrated an exponential growth after 2008. This was mainly due to the rapid increase in GDP, the continuous development of high-tech industries, the integration of geographical advantages and the adjustment of industrial layout in Nanping after 2008.
Discussion
Population
Population is one of the most active drivers of land use changes (Shoshany and Goldshleger, 2002) . The increase of population directly changes spatial distribution of land use. According to the statistical yearbook of Nanping City from 1995 and 2015, it was found that the population in Nanping City was continuously increasing from 2,939,904 in 1995 to 3, 198 ,600 in 2015 with an increase of 258,700 over the 20 years. This phenomenon was bound to cause changes in the land use (Bilsborrow et The construction of these facilities profoundly affected the spatial distribution of the land use in Nanping.
Figure 2. Comprehensive score of socio-economic driving factor of the land use change
The growth in the population led to a marked increase in the construction land and a significant decrease in the cultivated land over the 20 years. The construction land and cultivated land increased and decreased by 329.99 km 2 and 1198.7 km 2 respectively. It was found that the construction land was one of the main transfer directions of the cultivated land, which indicated that population growth inevitably increased the construction of large-scale convenient services facilities, resulting in more the cultivated land being transferred to the construction land. However, cultivated land is the main source of food for human beings. The rapid population growth led to the conversion of more cultivated land into the construction land, which inevitably led to insufficient food supply. Therefore, it is crucial to solve the contradiction between population and cultivated land. In summarize, population was one of the main factors causing the changes in the land use.
Economy
GDP refers to the status of regional economy. The growth of GDP represents the improvement of people's living level, which is the prevalent aspiration and struggle target of people. The activities of human beings for living affect changes in land use types. Hence, economic development inevitably leads to changes in land use (Weber et al., 2001 ). GDP in Nanping was continuously increasing from 2.28 billion USD in 1995 to 20.94 billion USD in 2015 (Fig. 3) . The citizens began to seek spiritual enjoyment after satisfying their food and clothing needs. For raising the living quality and meeting spiritual needs of the citizens, the municipal government accelerated the construction of infrastructure buildings, which led to the significant changes of the land use in Nanping According to the Classification of Chinese Economic Industries, agriculture, forestry, animal husbandry, and fishery were classified as the primary industry, and the supply and construction industries such as mining, manufacturing, electricity, and gas were classified as secondary industry, and service industry as the tertiary industry.
As shown in Figure 3 , the rankings of the three industries in Nanping City significantly changed during the 20 years. The proportion of the primary industry decreased from 34.44% in 1995 to 21.59% in 2015, the secondary industry increased from 35.82% in 1995 to 43.16% in 2015 and the tertiary industry only increased by 5.52% over the 20 years, which showed that the agriculture, forestry, animal husbandry and fishery gradually turned to service industry and manufacturing industry.
In this study, the decrease in the proportion of the primary industry (agriculture, forestry, animal husbandry and fishery) indicated the decline in the cultivated land and grassland. With the increase in the proportion of the secondary and tertiary industry, more land resources were occupied by the facilities, which means that the increase in the construction land and the decrease in the unused land. In summarize, the changes of the economy undoubtedly affect the spatial distribution of the land use (Fan et al., 2017) . Economy is one of the driving factors of the land use changes in Nanping. 
Urbanization and transportation
Urbanization is a symbol of the improvement of people's living level (Sigel, 1978) . It is a kind of development trends to shift from simple agricultural life to multiple city life for human beings. However, a series of environments problems, such as biodiversity loss, heat island effect, environmental pollution, and water and soil loss, have arisen due to the rapid urbanization and irrational use of land resources (Wang et al., 2012) . The urban construction in Nanping continued to expand outward over the 20 years. The urbanization rate in Nanping increased from 29.0% in 1995 to 54.0% in 2015 with an increase of 27.0% (NSB, 1995; NSB, 2015) , which led to the changes of the land use.
Accordingly, the staggered road networks resulted in the serious destruction of the landscape (Mo et al., 2017) . In 2015, the total mileage of the roads was 15554. 24 (NSB, 2015) . The intensity of the fragmentation in the landscape was obviously enhanced, which led to the decrease in the types of the landscape such as cultivated land, water and grassland (Jaeger et al., 2007) . In short, the development of the urbanization and transportation led to the dramatic changes of the land use.
Policy
The main pillars of the development plan of the Economic Zone issued by the state council were as follows.
1. Strengthen exchanges and cooperation between mainland China and Taiwan by virtue of the construction of Pingtan Experimental Zone which is a nearest island in mainland China to Taiwan. 2. Accelerate infrastructure construction and improve sustainability in economic development in the Economic Zone. 3. Accelerate optimization in industrial layout and improve innovation capability in order to build a modern industrial system of the Economic Zone. 4. Realize the coordinated development of the urban and rural areas. 5. Focus on improving people's livelihood and build a harmonious atmosphere in the Economic Zone. 6. Improve ecological environment of the Economic Zone and strive to build a sustainable development area with beautiful living environment.
According to these pillars, it is necessary to construct the economic zone into a beautiful, ecological, and friendly region, and focus on the coordinated development of the economy and the ecological environment. It is therefore indispensable to increase the forestland so as to maintain the stability of the ecosystem and improve the ecological environment . In this study, the forestland had decreased by 45.85 km 2 from 1995 to 2010 before the "Plan" was promulgated. However, from 2010 to 2015, the forestland had increased by 2121.75 km 2 after the "Plan" was issued, which further illustrated the decisive role of policies in the land use changes.
The Development Plan for Wuyishan was promulgated in 2010, which is of great significance to further improve the economy in Nanping. Accordingly, new land policies were introduced by the government. The forestry reform was executed and inappropriate cultivated land was retreated. As a result, the forestland continued to increase after 2010. Especially, the cultivated land had increased before 2010. In contrast, it had decreased sharply after 2010. Consequently, the promulgation and implementation of the policies had a profound impact on the spatial distribution of the land use (Dempsey et al., 2017) .
Conclusion
The main conclusions are as follows: The percentage of forestland in overall study region increased significantly from The unused land, cultivated land, and water had a higher outflow over the 20 years. The forestland was the main outflow types for the land use types. Hence, the forest coverage rate remarkably increased.
The study found that the growth of population and economy, and urban expansion resulted in the sharp increase of construction land, and the decline of cultivated land, grassland and unused land. National and local policies led to a notable increase in the forestland and the decline in the cultivated land over the study period. In a word, the comprehensive impact of population, economy, urban development and policies was the main reason for the land use changes in Nanping during the study period.
Economic factors, spending power and technical factors were the driving factors of the land use changes. The impact of the three drivers on land use changes demonstrated an exponential rise after the year of 2008.
In summary, population, economy, urban development, policy, spending power, and technical factors were the driving factors of the land use changes in Nanping over the 20 years.
